Abstract-Computation of electromagnetic fields in high resolution computational phantoms requires solving large linear systems. We present the application of Schwarz preconditioners with Krylov subspace methods for computing Extremely Low Frequency (ELF) induced fields in a phantom.
I. INTRODUCTION
Numerical dosimetry of electromagnetic fields into the human body is important for assessing safety of devices and workplaces which generate strong fields (i.e. MRI systems, welding industry...). Due to the specific features of the living tissues, specific formulations have been developed, and notably the so-called φ − a formulation 1 for ELF fields, which can be discretized by numerical methods like the finite element method [1] . However, due to the complexity of the human body, large sparse linear systems Ax = f are generated.
In this paper, domain decomposition preconditioners [2] are used with Krylov subspace solvers [3] . These algorithms enable to improve the convergence for solving the systems, and are naturally well suited for distributed parallel computing.
II. SCHWARZ PRECONDITIONERS
In Schwarz preconditioners, the computational domain Ω is decomposed in several overlapping subdomains Ω 1,...,N . The formulation is assembled over each subdomain; hence N linear systems of matrix A i are generated. At each iteration, the residual r is restricted to the interior of each subdomain Ω i \ (∂Ω i \ ∂Ω) using a restriction matrix R i ; then a local correction δe i is computed by solving A i δe i = R i r, and this correction is projected back for improving the global solution. Let us note that the transfer matrices between local and global vectors are easily obtained and that
There exist many variants of this method, one of which is Algorithm 1. Under rather general conditions, each subdomain can be processed in parallel.
In one-level domain decomposition methods, the link between the subdomains is uniquely ensured by the overlap
where φ is an unknown scalar potential, and a is the source-term. The boundary condition j · n = 0 is imposed on ∂Ω.
Algorithm 1 One-level additive Schwarz preconditioner
which is usually limited to a few layers of elements. However, the number of iterations increases with the number of subdomains. A better behavior can be obtained by a two-level method: in this case, an additional correction is computed by using the same strategy (i.e. restrict/solve/project back) with a coarse mesh -the additional computational cost of each iteration is negligible. This can be explained by the fact that one-level methods behave like local smoothers; thus they are unable to correct long range (i.e. low-frequency) errors.
We performed some tests with an academical benchmark (exposure of an ellipsoid to a uniform magnetic field) by using one and two-level methods. The results (table I) show that as the size of the problem increases, the two-level method (2-lev) outperforms the one-level method (1-lev). Other simulations on realistic computational phantoms provided substantially the same trend. The details of these simulations will be presented in the full paper.
